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To investigate the frequency and mechanism of variable 
threshold angina, seven treadmill exercise tests were per•
formed in each of 28 patients with stable etTort angina 
and exercise-induced ST segment depression. Each pa•
tient had tests at 8 AM on 4 days within a 2 week period 
and on I of these JlllYs had three additional tests at 9 
AM, II AM and 4 IlM. Time to I mm ST depression 
increased from 277 ± 172 seconds on day I to 319 ± 
186 seconds on dlJY 2, 352 ± 213 seconds on day 3 and 
356 ± 207 seconds on day 4 (p < 0.05). Rate-pressure 
product at I mm ST depression remained constant. Sim•
ilarly, time to I mm ST depression increased from 333 
± 197 seconds at 8 AM to 371 ± 201 seconds at 9 AM 
and to 401 ± 207 secopds at 11 AM and decreased to 
371 ± 189 seconds at 4 PM (p < 0.01). Again, rate•
pressure product at I mm ST depression remained 
constant. 
In patients with variant angina, serial exercise testing often 
reveals that myocardial ischemia begins at a variable thresh•
old ( I ). Coronary spasm is accepted as the cause of ischemia 
under these conditions because the rate-pressure product at 
the onset of ischemia is widely variable (I) and because 
coronary spasm is the cause of angina at rest in these patients. 
Many patients with effort angina report that their exercise 
tolerance is variable (2). "Inappropriate coronary vasocon•
striction" at the site of organic stenosis has been invoked 
as the mechanism explaining this variability (2). The pos•
sibility that inappropriate coronary vasoconstriction is pres•
ent often influences the choice of antianginal drug therapy. 
This study was undertaken to assess the degree of variability 
in exercise performance in patients with ordinary effort an-
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The standard deviation for time to I mm ST depres•
sion, calculated as a percent of the mean for each pa•
tient's seven tests and then averaged for the entire group, 
was 22 ± 11 %. The standard deviation for rate-pressure 
product at 1 mm ST depression, calculated in the same 
way, was significantly less at 8.4 ± 2.8% (p < 0.001). 
In 78 (40 % ) of the 196 tests, time to 1 mm ST depression 
was less than 80% or greater than 120% of the patient's 
mean; in contrast, rate-pressure product at 1 mm ST 
depression was less than 80% or greater than 120% of 
the patient's mean in only 3 tests (1.5%). 
Thus, considerable variability in exercise tolerance 
occurs in patients with etTort angina, even when rate•
pressure product at the onset of ischemia remains fixed. 
A history of variable threshold angina does not neces•
sarily imply variations in coronary tone. 
(J Am Coil CardioI198S;6:1011-S) 
gina. Rate-pressure products at the onset of ischemia during 
seven exercise tests were compared for each patient to clarify 
the cause of variable exercise tolerance. 
Methods 
Patient selection. Patients meeting the following cri•
teria were selected for study: I) Canadian Cardiovascular 
Society grade 2 or 3 angina (3); 2) exercise-induced hori•
zontal or downs loping ST segment depression of I mm or 
greater; and 3) luminal diameter stenosis of 70% or greater 
of at lest one major coronary artery or a well documented 
myocardial infarction. Exclusion criteria incll\ded recent 
myocardial infarction or unstable angina, left bundle branch 
block, inability or unwillingness of the patient to undergo 
serial exercise testing and treatment with antianginal med•
ication other than sublingual nitroglycerin, unless such med•
ication was discontinued at least 2 days before the test period. 
The mean age of the 28 patients studied was 58.5 years 
(range 41-76); 24 were men and 4 were women. Coronary 
arteriography revealed a single coronary stenosis of 70% or 
greater in 4 patients, two vessel disease in 5 and three vessel 
disease in 13. The remaining six patients did not undergo 
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coronary arteriography but had a well documented inferior 
myocardial infarction. 
All patients complained predominantly of angina on ex•
ertion but in only 9 did angina appear to always be related 
to exertion alone. Angina had 'II so been present at least once 
with emotion in 10 patients, on exposure to cold in 13 and 
after meals in 7. In nearly all instances some physical ac•
tivity had been associated with cold-induced or postprandial 
angina. The mean duration of angina was 2.6 years (range 
0.5 to 14). Six patients were current cigarette smokers. 
Fourteen had had a previous myocardial infarction. In gen•
eral, the study group appeared to be representative of pa•
tients with moderate to severe effort angina. 
Study protocol. Each patient \lad performed at least two 
exercise tests before entering the study and was familiar 
with the test environment. For 4 days during the study period 
each patient performed an exercise test at 8 AM. Testing on 
consecutive days was avoided but all tests were completed 
within 2 weeks. On I of the 4 days the exercise test was 
repeated I, 3 and 8 hours after the 8 AM test. Seven patients 
had the three additional tests on each of the first, second, 
third and fourth test days; the day on which each patient 
\lad the additional tests was selected at random. Thus each 
patient had seven tests. 
The temperature and humidity of the test environmnt 
were kept constant. During study days patients refrained 
from smoking, drinking tea or coffee, using nitroglycerin 
or eating more than a light snack until the tests were com•
pleted. A modified Naughton protocol (4) was used in 12 
patients and a Bruce protocol (5), modified by adding a 3 
minute warmup at 1.7 mph and 0° elevation, was used in 
the remaining 16; no differences were found between the 
two protocols and results were therefore pooled. Heart rate, 
cuff blood pressure and 12 electrocardiographic leads were 
recorded at 1 minute intervals during and for 10 minutes 
after exercise. Exercise was terminated when moderately 
severe angina developed. All patients reached this end point 
in each of their seven tests. 
Data analysis. Total treadmill time, time to angina, time 
to 1 mm ST depression and rate-pressure product at 1 mm 
ST depression were measured on each exercise test. An 
analysis of variance was used to compare, for all 28 patients, 
each of these end points on the 8 AM tests on the 4 study 
days. The four tests performed at 8 AM, 9 AM, 11 AM and 
4 PM on the same study day were compared in a similar 
fashion. 
The means and standard deviations of the seven exercise 
tests were calculated for eac\l patient for each end point. 
Standard deviation was expressed as a percentage of the 
mean value for each patient. Using a paired t test, standard 
deviations of time to 1 mm ST depression and rate-pressure 
product at 1 mm ST depression were compared for the entire 
group. The variability of these two measurements was also 
assessed by counting the number of tests and the number 
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of patients with tests falling outside the arbitrarily selected 
range of each patient's mean value ± 20%. 
Results 
Day to day variability. The mean treadmill time for the 
group increased from 440 ± 212 seconds on day I to 463 
± 180 seconds on day 2, 496 ± 20 I seconds on day 3 and 
495 ± 200 seconds on day 4 (p < 0.01). Parallel changes 
in time to I mm ST depression were observed: from 277 
± 172 seconds on day I to 319 ± 186 seconds on day 2, 
352 ± 213 seconds on day 3 and 356 ± 207 seconds on 
dqy 4 (p < 0.05). Despite these changes, rate-pressure prod•
uct at I mm ST depression remained constant (Fig. I): 17.0 
± 3.6 (X 10- 3 ) units on day 1,16.7 ± 3.4 on day 2, 
16.0 ± 3.0 on day 3 and 16.0 ± 3.4 on day 4 (p = NS}. 
Variability during the same day. Mean treadmill time 
increased from 460 ± 186 seconds at 8 AM to 513 ± 214 
seconds at 9 AM and to 551 ± 204 seconds at II AM and 
decreased to 516 ± 202 seconds at 4 PM (p < 0.01). Sim•
ilarly, time to 1 mm ST depression increased from 333 ± 
197 seconds at 8 AM to 371 ± 20 I seconds at 9 AM and to 
401 ± 207 seconds at II AM and decreased to 371 ± 189 
seconds at 4 PM (p < 0.01). Despite these changes, rate•
pressure at 1 mm ST depression remained constant (Fig. 2): 
16.7 ± 3.1 (X 1O~3) units at 8 AM, 16.0 ± 3.1 at 9 AM, 
16.4 ± 3.6 at 11 AM and 16.6 ± 3.7 at 4 PM (p = NS). 
Rate-pressure product at rest before the tests did not vary 
significantly either from day to day or within the 8 AM to 
4 PM period. 
Var~ability within the same patient. The relation among 
total treadmill time, time to angina and time to I mm ST 
depression remained relatively constant from one test to 
another within the same patient. Because time to I mm ST 
Figure 1. Time to I mm ST depression (lower graph) ancl rate•
pressure product at I mm ST depression (upper graph) for ex•
ercise tests performed at 8 AM on 4 different days in 28 patients 
with stable effort angina. Despite significant (p < 0.(5) changes 
in time to I mm ST depression. rate-pressure product remained 
constant (p = NS). All values are mean ± SO. 
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Figure 2. Time to I mm ST depression (lower graph) and rate•
pressure product at I mm ST depression (upper graph) for ex•
ercise tests done at 8 AM, 9 AM, 11 AM and 4 PM in 28 patients 
with stable effort angina. Despite significant (p < 0.01) changes 
in time to I mm ST depression, rate-pressure product remained 
constant (p = NS). All values are mean ± SO. 
depression might be influenced less by external factors. it 
was chosen from among these three end points and compared 
with rate-pressure product at I mm ST depression, The 
standard deviation for time to I mm ST depression, cal•
culated as a percentage of the mean for each patient and 
then averaged for the entire group, was 22 ± II %, The 
standard deviation for rate-pressure product at I mm ST 
depression, calculated in the same way, was significantly 
less at 8.4 ± 2,8% (p < 0,001), 
In Figure 3. the distribution around each patient's mean 
is illustrated for time to I mm ST depression and rate•
pressure product at I mm ST depression. Both measure•
ments conform to a Gaussian distribution, but with a much 
Figure 3. Comparison of intrapatient variability for time to I mm 
ST depression (upper graph) and rate-pressure product at 1 mm 
ST depression (lower graph). The value for each of the 196 
exercise tests is expressed as percentage of the individual patient's 
mean value. Both measurements exhibit a normal distribution; 
however, variance is much greater for time than for rate-pressure 
product. 
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larger variance for time to I mm ST depression. The coef•
ficient of variation was 7.86 for time to I mm ST depression 
compared with only 1.26 for rate-pressure product at t mm 
ST depression. In only 3 (\.5%) of the 196 tests did rate•
pressure product at I mm ST depression deviate by more 
than ± 20% from the patient's mean. Each of these three 
tests occurred in a different patient. In contrast. in 78 (40%) 
of the 196 tests. time to I mm ST depression was greater 
than 120% or less than 80°1e of the patient's mean. In only 
3 of the 28 patients was time to I mm ST depression within 
± 200/[ of the patient's mean value fot all seven exercise 
tests. In 14 of the 28 patients at least three of the seven 
tests wete outside this range. The mean time to I mm ST 
depression for these 14 patients was lower than for the 14 
without a variable exercise tolerance, 265 ± 129 compared 
with 435 ± 203 seconds (p < 0.02). However. the two 
groups could not be distinguished on the basis of their de•
scription of angina. 
Discussion 
The results of this study show that when a patient with 
stable effort angina undergoes repeat exercise testing, con•
siderable intertest variability can be expected for total tread•
mill time, time to angina and even time to I mm ST depres•
sion. In contrast. rate-pressure product at the onset of I mm 
ST depression remains relatively constant. 
Clinical implications. This finding has important prac•
tical implications in the clinical management of patients with 
stable angina. Exercise tolerance is already quite variable 
under controlled laboratory conditions. In daily life, changes 
in temperature (6). humidity. clothing, walking surface and 
the relation between exercise and meals (7). smoking (8) 
and antianginal drug use all tend to further increase this 
variability in exercise tolerance. In addition, most activities 
are carried out at a relatively constant pace. unlike the in•
cremental work load imposed during exercise testing. This 
difference would also magnify the variability of exercise 
tolerance as reported by the patient. Despite a variable ex•
ercise tolerance in most of our study patients, rate-pressure 
product at the onset of ischemia remained within a very 
narrow range. Similarly, Detry et al. (9) found that tension•
time index at 2 mm ST depression was very reproducible 
in 5 patients who were exercised twice, and Robinson (10) 
found that rate-pressure product at the onset of angina was 
relatively constant in 15 patients with angina. In the study 
of Gobel et al. (II) rate-pressure product correlated with 
myocardial oxygen consumption and myocardial blood flow 
(r = 0.83 and 0.79, respectively). 
Therefore, our results suggest that significant intertest 
variations in coronary blood flow did not occur and that in•
appropriate coronary vasoconstriction is unlikey to account 
for variable exericse tolerance in most patients with stable 
effort angina. Thus, treatment of these patients with drugs 
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that prevent coronary spasm and increase coronary blood 
flow, such as long-acting nitrates and calcium channel 
blockers, is not theoretically superior to treatment with drugs 
that decrease myocardial oxygen consumption, such as beta•
receptor blockers. 
Limitations of study. A major limitation of this study 
is that rate-pressure product is an inaccurate and indirect 
method of assessing myocardial oxygen consumption. Other 
factors, such as wall tension and contractility, that contribute 
to myocardial oxygen consumption are difficult to measure 
during exercise testing and are ignored. Cuff blood pressure 
measurements made at I minute intervals during exercise 
lack precision. If myocardial oxygen consumption at the 
onset of ischemia could be measured accurately and directly 
during multiple tests, it might exhibit even less variability 
within the same patient than does rate-pressure product. 
A problem with all studies that use exercise testing to 
evaluate patients with effort angina is that the results may 
not be relevant to the pattern or mechanism of angina during 
daily life. Transient ST depression, often without angina, 
frequently occurs during Holter electrocardiographic mon•
itoring in patients with stable angina at heart rates substan•
tially lower than those attained during exercise testing (12-14). 
Chierchia et al. (15) obtained ambulatory intraarterial blood 
pressure and electrocardiographic recordings in 14 patients 
with stable angina and found that 152 of 187 electrocardio•
graphic ischemic episodes occurred at rate-pressure products 
at least 20% lower than those recorded at the onset of isch•
emia during exercise testing. Some investigators (16,17) 
have reported a high prevalence of transient ST segment 
shifts on Holter recordings from asymptomatic volunteers. 
However, Deanfield et al. (18), by finding decreased ru•
bidium-82 uptake in 22 of 22 episodes, confirmed that the 
cause of unprovoked transient ST depression in patients with 
stable angina is ischemia. 
Exercise testing as a clinical research tool. Our results 
show that if four exercise tests are performed over an 8 hour 
period during 1 day, or at 8 AM on 4 different days, a 
statistically significant trend occurs for time to 1 mm ST 
depression (Fig. 1 and 2). Improvement was found from 
the first to second and second to third tests. In contrast, 
rate-pressure product at the onset of I mm ST depression 
remained unchanged. If a drug were given after the baseline 
test, the improvement noted on subsequent tests in time to 
ST depression could be attributed to a therapeutic benefit. 
SmokIer et al. (19) compared pairs of exercise tests in the 
same patient and concluded that time to angina was less for 
the first test be~ause of unfamiliarity with the procedure, 
but did not change between subsequent pairs of tests. This 
explanation does not account for our results because all of 
our patients had at least two tests before entering the study. 
Other studies (20-28) assessing intertest variability are 
difficult to compare with ours because of small numbers of 
patients (21,24,26) or the inclusion of patients without ex•
ercise-induced ST depression (20,24,26). More important, 
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each patient had only two or three tests in most studies 
(20,22,26,28) so that evaluation of serial changes within 
the same patient was limited. Despite this, our findings are 
compatible with the results of Starling et al. (28); time to 
angina and ST depression increased in their patients between 
the first and second tests but mean rate-pressure product for 
the group remained unchanged. McGraw et al. (25) tested 
10 patients with stable angina at 2 week intervals for 6 
months; treadmill time increased by a mean of 30% but rate•
pressure product at maximal exercise did not change. The 
design of studies to assess antianginal drugs should take 
these findings into account. 
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